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^ glossary of terms 

This report matces use of a nuaber of acronyms and abbreviated forms to 
describe the complex chemicals referred to in the text. The following list 
presents these terms: 

HB polymer is Poly (butadiene, acrylic acid, acrylonitrile) terpolyner, 
also referred to in the industry as PBAN, manufactured by the American 
Synthetic Rubber Co. (ASRC). HB polymer is part of the binder in TP- 
Hll^S and TP-H1178 propellants. 

HC polymer is carboxyl-terminated polybutadiene ccpclyner, manufactured 
by Thiokol Corporation (TC), Chemical Division. HC is part of the liner 
and inhibitor formulations. 

AOs (Antioxidants) covered in this report are specially listed in Table 
1 - (Page 6). 

ERL 510 is the epoxide curing agent used in liner and inhibitor. It is 
H4-(2, 3-epoxy) propoxy - N, N-bis (2, 3-epoxy propyl)- aniline]. It is 
also sometime ^referred to as.esiroply, ERL. 

MAPO is the azirdine curing agent used in the liner and inhibitor. It 
is methyl azirdinyl phosphine oxide. 

AP is the oxidizer in the propellant, and is ammonium perchlorate. 

ECA is the epoxy curing agent in the propellant and is the conraerical 
epichlorohydrin of bisphenol-A. 

Thixcin E is hydrogenated castor oil used to impart thixotropic prop 
erties to the UF-2137 liner. 
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1.0 ICTRODUCTIOM 

Tht antioxidant phanyl-bata-naphthylaalna (PBKA) has baan usad In both 
H3 and HC polynara. Tha tola (do&astic) tuppliar of PBNA hat vlthdravn this 
product from tha markat, primarily bacausa of suspactad haalth haaarda. 

e 

Coaaarclally avallabla 8ubstltute(a) must ba aalactad and quallflad for usa 
Ic tha two polymara. Bacauae the two polymera are chemically different, It 
was not praaumed that one antioxidant would be aultabla. 

2.0 OBJECTIVES 

This program has three major objectives: (1) selection and qualifica- 

tion of a new antioxidant for the HB polymer; (2) selection and qualification 
of a new antioxidant for HC polymer; and (3) verification of the aalection 
and qualification on tha llner-inhlbitor-propellant bond interfaces and in 
the propellant, liner and inhibitor themselves. 

3.D SCMHARY AND CONCLUSIONS 

3.1 POLYMER 

Initial polymer studies narrowed the possible field of antioxidants to 
Agerlte Stallte, Vanox 13 and A02246 for HB polymer, and A02246 and Agerlta 
?altrol for HC polymer. 

HB polyi.er wa^ than maouracturad with Agerlte Stalita and Vanox 13. 

Because A02246 was difficult at least (and most likely uncontrollable) to get 
into the polymer, it was discarded as a candidate. After looking at polymer 
and propellant properties, Agerlte Stalite emerged as the preferred choice. 

For the HC polymer, A02246 emerged as the preferred choice after the 
polymer was manufactured with no antioxidant and various AOs individually 
added to drums of the manufactured production-size batch. 

A three-batch "lot” of HB polymer was then manufactured using Agerlte 
Stalite. The lot was within all SRM HB lot specifications. This material 
was used for all subsequent qualification tests. 

A sizeable lot of HC polymer was manufactured with A02246 for another 
program. This polymer, also within the SRM HC lot specification, was also 
used for some tests. 
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HB with I.IZ PBNA (lOX «ad 1%) «*rt ais«d with H3 with l.U Stallt* (90Z 
and 99S) to chock foe compatibility, as would occur Ic tho tank fanai (SX 
hool at both TC and vendor) . There was no evidence of incompatibility* 


An analytical iMthod was developed to independently measure both Stalite 
and P3KA In the polyraer (DAP 0285 Rev A). Both tba HS and HC polymers with 
the new AOs aged at least as good as the polyners with the old AOs* 


3.2 PROPELLANT 


A 5*gallon standardization of TP-H1146 propellant was made In prepara~ 
tlon for the 600-gallon full qualification nix* A slightly higher end-of-mix 
viscosity was evident. All other mix data were nornal. 

The 600-gallon mix was made and the raultltuue of nechanlcal property 
specimens were cast %rtthout problems; however, the enc-of-alx viscosity was 
again higher than normal* 

A S-gallon rheology study followed, showing chat the flow rate of the 
new AO HB propellant would have a (calculated) flow rate of 123.4 Ib/mln, 
whereas the control propellant, with PBNA HB, has a flow rate of 162*2 
Ib/mln* This should not significantly affect a motor casting because the new 
flow rate still exceeds the casting time requirement* 

Extensive mechanical property testing was perfomed on the samples from 
the 600-gallon mix* Generally, the Stalite HB propellant correlates well 
with the control propellant, with PBNA HB. 

The tests were run at zero time, after one year of ambient aging, and 
after six months at 1S0*F aging. In all cases the Stalite propellant aged as 
well as the PBNA propellant* 

The tests run were uniaxial tensile, biaxial tensile, ambient and pres- 
surized, lox^-term constant strain, stress relaxation, ambient and pressur- 
ized, and cohesive fracture energy, pressurized and ucpressurlzed. 

3.3 LINER 


Several Iterations of liner and liner - propellant bond tests were made. 
It was apparent af.ter the first test series chat the new AO HC liner was 
curing faster, and because of that mechanism the lluer-propellant bond was 
poorer chan the control* 
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Th« dirtet tubtcitutloa of MC Polyaor vith AO 2 24 6 CBtloxldont to rtplaeo 
th* proMBt PBMA oatloxldAot tyoton in Uf~2137 linor, rciultt in the follov* 
log: 

♦ - 

a* Llntr cure rate la ineraaaad which will raqulra proeaao 
chaogaa. 

b. Dacraaaa In liner atraln capabllltlat with Ineraaee In 

atraaa and hardnaaa. 

c. Lower peel strength to propellant and possible shorter 
shelf life of lined motor <i.e. tloe between liner pre- 
cure and propellant cast). 

Three approaches were tested decreasing the total curing agents (HAPO -i- 
ERL), decreasing the cure catalyst, and decreasing only the ERL-510. 

The reduction of the curing agents to poly&er equivalents ratio while 
calntalning the HAPO/ ERL equivalents ratio resulted in softer liner and 
higher peel strengths If the propellant was cast upon the 68 hour procured 
liner* The peel strength decreased to aloost half the value when the propel- 
lant was cast on the 166 hour procured liner, which implies a liner storage 
life probleo. ‘ 

It %ras postulated that PBKA interferes with the epoxy/ carboxyl (ERL/HC) 
reaction. Reaction rate tests of A02246 and PBNA with the ERL-510 using 
Infrared spectroscopy indicated that PBNA reacted with the ERL-510 at 3.5 
titaes the rata at which AD2246 reacted. The reactions of both PBNA and 
A02246 with HAPO were negligible. This iaplies that the liner formilatlon 
should be oodlfled by changing the MAPO/ERL equivalents ratio to accooBtodate 
tiM lower reaction rate of the A02246 with the ERL-510. 

Tests conducted with liner fonsulated at sK>dlficd MAPO/ERL equivalents 
ratios further verified the PBNA, A02246, ERL-510 reaction rate tests. Th« 
highest peel strength at both the 68 hour and 168 hour liner nrecure tlises 
were attained with liner aade with a MAPO/ERL equivalents ratio of 4.67 
(standard UF-2137 has a MAPO/ERL equivalents ratio of 2.06). This fonula- 
tlon also resulted In a liner cure rate and liner physical properties that 
approxiaate that of the standard UF-2137 liner. 

Of these three approaches, then, decreasing the percent ERL In the for- 
ouiatloo aost closely approached the aero time characteristics of the liner 
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•nd Iio«r*-prop«ll«at boad of PBNA HC linor. Doereo^lng tho oaount of ERL 
dots aot aoeofoarlly laeroao* tho aoloturo •oaoltlvlty hoeouoo tho oxtro ERL 
vit bolag uood up by tho PBNA> Roduelni tho ERL roodjuitt tho itotchioaotry 
to ochiovo tho tOBO ovoroll proportiot. 

4.0 recommendations 

Fropolloat aodo vith Stolito HI it porfoctly occcptoblo (by itoolf) froa 
oil aoch&nlcol proportloo oad oglng otondpointt. Although it hoo a slightly 
higher viscosity, it is still sccoptoblo for casting aotors. It it thorsfors 
rocoasaadad that tha Stalita ba usad as a direct roplacanant for PBNA* 

Tho use of 402246 in liner and inhibitor raquiras that tha linor fomu- 
lotion ba adjusted to eoapcnsata for tha reaction of PBNA with ERL* Tha 
prasont data indicate the MAP0:ERL ratio of 2*06:1.0 should bo changed to 
about 4:1, while keeping tha MAPOtHC at about 0.7:1. 

Tho chaaical resistance of tho liner is enhanced by tho ERL* Without 
the ERL the liner readily hydrolyzes. To date tha selection of the ERL eon- 
tenx has been done through onpltlcal process tests. In order to select tho 
proper ERL content, reaction ratf tests of the various liner constituents 
should bo made in relation to the resultant cheaical resistance of tho 
liner. 

After this selection, various process tests should be conducted to re- 
gain the data base for future probloa resolution. Exanplcs of these tests 
arc as follows: 

a. Liner specification studios, including tensile adhesion 
to NBR, tensile adhesion to steel, peel strength to pro- 
pellant, peel strength after 1,000 hours, and Shore A 
hardness 

b. Liner production process studies, including RC polyner 
preheat tine liaitations, sllnger application life, 
liner-liner bond strength (tlae lialt between brush ap- 
plication and sling lining), and aaxlotn tiau at aabient 
prior to 135*F cure initiation 

c. Other special linar rer.uirencnts, includii^ aolsture 
toleranea during processing, aging quality of the liner- 
propellant bond, aging at high huaidity, and tolerance to 
oils and greases (seven kinds, per r«R- 12996) 

V.S.CM ST CT-130M |d» i-i 
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d. Inhibitor fp«eific«tioo otudioi, incloiiat viacooitj, 
toniilo ndhotien to TV-11148 propollact, ond Short A 

htrdnttt 

. t. Inhibitor production proettt ttudiot, Including RC poly- 
■tr prthott tint linitttiont, itoraga and traplatt tppli- 
cttion lift fro« tnd of nix, tnd inhibitor dtgtt tnd 
application proptrtita 

f. Other aptcial inhibitor taquirtatatt , including pttl 
atrtogch vt curt (both proptllant and inhibitor curt), 
aoiaturt toltrancu during proctaalag, aging quality of 
inhibitor-proptllant bond, aging at hi|h huaidity, and 
toltranct to oila and grtaata (again par TVg-12998) 


5.0 TECHNICAL DISCUSSION - POLYMER STDDIES 

5.1 INITIAL POLYMER STUDIES AND ANTIOXIDANT SCRIENIK: 


Polyntr frtt of PBNA waa prepared by etripplng production polyatr 
through an ASCO 2-in. diattter film atlll under high racuun. In the caat of 

4 

18, other volatile conatitueota which were removed along with PBI'A were re- 
conatituted and blended back into the polymer. Candidate antioxidanta were 
blended into PBNA-free polymer by diaeolvlng both polyacr and antioxidant in 
chloroform and then removing the aolvent uaing a Rlnce evaporator. Aatioxi- 
danta were teatitd in RB at the one percert level and the RC at the two per- 
cent level. T^wi aatioxidaata teated are given in Table 1, plua PBNA aa a 
control. It alvould be noted that when PBNA waa added back to atripped HB 
polymer, the taixture did not exhibit the aame vlacosity aa the atarting mate- 
riel, Indicating the vlaeoalty data ahould not be compared to normal produc- 
tion polymer but only the PBNA "control" uaed in thla atudy. 


Polymer-antioxidant mlxturea were aubjected to the following teata, at 
aero time, after four weeka, at 1S0*F, and after eight weeka at ambient ator- 
age: (1) vlaual obaervation for evidence of inaolnbillty, color change, 

precipitate formation, etc.; (2) viacoaity at 25*C; (3) acid nuaber; (4) 
molecular weight diatributlon; and (5) total unaaturecion. for the aake of 
brevity, complete -teat data are not reproduced here, but may be found in 
total in TWR-20608. Only viacoaity and molecular weiiht appeared to ahow 
tiguif leant change with time and temperature, i.e., r'm seaaured changea with 
time in acid number and iodine number were within the three-aigma atandard 
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TABLE 1 

CUSSES OF COyPOVNDS SUBJECTED TO PRELIMIXARY 
EVALUATION AS ANTIOXIDANTS IN E3 POLYMER 


1. Hlndertd Phenols 

*s. Cysnox .6 (also referred to as A022-6) 

2, 2 '-methylene bis (--r:ethyl-6-tert-butyl) phenol 
*b. Agerlte Gcltrol 

Modifle<< High Molecular Weight Hindered Phenol 
*c. Vanox 13 

Modified Folyalkyl Phosphited Polyphenol 
*d, Irganox 1076 

High Molecular Weigh: Hindered Phenolic Escer 

2. Phenylene Diamines 

a. Antozite 1 

N,N'-dioctyl- p-phenylene diamine 

b. Antozite 67 

K-(l, 3-diuethylbut-l)-N'-phenyl-p-phei:yl<?r.e diamine 

c. Flexzone 6H 

» N-cyclohexyl-N'-phcnyl-p-pkenylene diamine 

3. Quinolines 

a. Agerite Resin D 

. Polymerized l,2-dihycro-2,2,4-trimethylquinoline 

4. Alkylated Diphenyl Amines 

a . Vanox. 12 

Octyl Diphenyl Amine 
*b. Agerite Stalite (MOD) 

Mixed Octylated Diphenylamines 

* Also evaluated In RC polymer. 
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deviation of the test aethod Itself. In the esse of acid number » there 
was some Impact on the absolute magnitude of the tebt data, depending on 
whether the antioxidant Is Itself acidic or basic, l.e., the antioxidant may 
or may net Influence the test method. However, In terms of polymer stabll'- 
Ity, the acid number test did not discriminate among the ant-loxldants. The 
same was true of number average molecular weight (Mq) In HB polymer, where- 
as weight average molecular weight (^) showed some discrimination among 
the antioxidants in both HB and HC. 

General results for each polymer-a..tloxldant system are as follows: 

HB-Cyanox 2246 - Good ambient polymer stability was noted, comparable to 
but slightly Inferior to PBNA ambient protection. Very poor polymer stabil- 
ity was noted at 150* F as measured by viscosity changes. Molecular weight 
properties were stable. Because of this antioxidant's known compatibility 
with propellant and liner systems it was selected as a backup choice for 
further study In spite of the viscosity instability. 

HB-Agerite Geltrol - Very good polymer stability was noted, both ambient 
and 150*F. Viscosity properties, however, averaged 125 poises higher than 
the PBNA control. Because of potential impact on SUM propellant processing, 
this antioxidant was not recommended for further study in HB. 

HB-Vanox 12 - Polymer stability comparable to P3NA was noted. Viscosity 
properties averaged a little higher than the PBKA control. The M^ showed a 
small increase at 1S0*F. Polymer color was notably lighter than the PBNA 
control. This antioxidant was recommended for further study, however, be- 
cause Vanox 13 Is a more commercial product (than the specialised Vanox 12), 
this AO was held back In favor of Vanox 13. 

HB-Antozlte 1 - Somewhat lower polymer stability than PBNA was noted. 

The polymer color was extremely dark. This antloxldl^t eventually precipi- 
tated out under ambient conditions and was not recommended for further 
study. 

HB-Irganox 1076 - Poor ambient polymer stability was noted. This anti- 
oxidant was not recommended for further study. 

HB-Antoxite 67 - poor polymer stability was noted. The polymer showed 
an extremely dark color. This antioxidant eventually precipitated out and 
was not recommended for further study. 
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EB-Flejctone 6H - Polyaer stability comparable to PBNA was noted. Vis- 
cosity properties averaged nearly 90 poises higher than the PBNA control. 

Polyaer color was darker than for PBNA. This antioxidant was not recommended 
for further* study unless the initial choices proved to be unsuitable. 

HB-Agerlte Resin D - Polymer stability somewhat Inferior £o PBNA was 
noted, as measured by molecular weight changes. Viscosity properties aver- 
aged about SO poises higher than for the PBNA control. Polymer color was 
comparable to PBNA. This antioxidant was not recommended for further study 
unless the initial choices proved to be unsuitable. 

HB-Vanox 13 - Excellent polymer stability was noted, superior to the 
PBNA control. Viscosity properties averaged about 75 poises higher than for 
the PBNA control. Because of potential impact on propellant processing, this 
antioxidant was not recommended for futher study at this time. However, 

Vanox 13 is the first backup choice should the initial choices prove unsuit- 
able. 

HB-Agerlte Stalite - Good polymer stability' was noted, especially at 
150*P. Polymer color was much lighter than PBNA. Viscosity properties aver- 
aged about 50 poises higher than for PBNA. This antioxidant (a less pure 
form of Vanox 12) was recommended for futher study in HB polymer. 

H C-Cyanox 2246 - Good polymer stability was noted, and polymer proper- 
ties were similar to the PBNA control. This antioxidant was recommended for 
futher study in HC polymer. 

HC-Ager.lte Gel x. ^ - Good polymer stability was noted, and pol^nner fop- 
erties were similar to the PBNA control. This antioxidant was recommended 
for further study In HC polymer. 

HC-Vanox 13 - Poor polymer stability was noted at 150* F. This antioxi- 
dant was not recommended for futher study in HC polymer. 

HC-Agerlte Stalite - Poor polymer stability was noted at 150* F. This 
antioxidant was not recommended for futher study in HC polymer. 

5.2 INITIAL HB POLYMER MANUFACTURE 

In order to provide an actual HB polymer completely manufactured with 
new antioxidants, two candidate antioxidants were chosen to make polymer in 
production-size batches at the vendor's plant (American Synthetic Rubber 
Corp) . Because the antioxidant is added after polymeriz^^tion, but prior to 
final polymer processing, it was necessary to manufacture the polymer to 
assure that the new antioxidant would protect the polymer during processing, 
in addition to providing sufficient material for further experiments. 
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The three candidate antioxidants selected for tie production batches 
were A^erlte Stallte, Vanox 13, A02246, per the Initial polyner studies de- 
scribed In the previ as section. Because the pcogras needed to reduce the 
njcber of* experimental batches to conserve expenditures, only two of Che 
three candidate antioxidants were chosen. Because the ^2246 Is a fine white 
powder chat will not dissolve or slurry with soap and water, as required by 
the sanufacturers* process for HB, Agerlte Stallte and Vanox 13 were 
chosen. 

Observation of the polynerlzaclon, addition of the AOs Into the reactors 
after polyaerlaatlon, and subsequent polyner processing Indicated no diffi- 
culties. 

After processing, the batches were tested and leaded into drucs. Suf- 
flcleuc polytaer was sent to Thlokol/Wasatch for continued qualification test- 
ing. 

The viscosity of the first batch with Agerlte Stallte was 478 poises and 
the second batch with Vanox 13 was 348 poises. Both these viscosities are 
within normal variation and the differences are not attributed to the AO at 
this cine. 

5.3 eC POLYMER MANUFACTURE 

One 3,000-lb batch of HC polyner was oanufactured at Thlokol, Chemical 
Division, with no antioxidant. Five drums were then prepared and shipped to 
Thlokol as follows. 

Drum 1 - No antioxidant 

Drum 2 - PbNA 

Drum 3 - AO 2246 

Drum 4 - Agerlte Gelctol 

Drum 5 - Zrganox 1076 

5.4 HB POLYMER TESTS 

Analytical characterization was performed on the two production size 
batches of HB polymer manufactured with candidate antioxidants for replace- 
nent of PBHA. Resulting data are presented In Table 2 and Figures 1 through 
4. Also Included are data from two previous lots of E3 oanufactured with 
?3SA CO provide a baseline fo: coaparlson. These baseline data were gener- 
ated during the qualification of new source DDM, as reported in TWR-20182. 
The following conclusions were drawn from the data in Table 2: 
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SUMMARY OF ANALYTICAL DATA FOR NFW 
ANTIOXIDANT BATCHES OF HB POLmR 


Batch SiLcber 

9999-1616 

9999-1617 

7227-0020* 

9404-0146** 

Ancloxld&at 

Vanox 13 

AKerite 6talite 

— mnr~ 

PMT“ 

Viscosity (Poises at 25'^C) 

As received 

351 

488 

382 

416 

Stripped 

550 

764 

633 

711 

Acid No. (Equiv/lOOg) 

mS received 

0.065 

0.065 

0.065 

0.064 

Stripped 

0.052 

0.052 

0.052 

0.053 

Mn 

As received 

2700 

2900 

2800 

2600 

Stripped 

2800 

3000 

3000 

3100 


As received 

6300 

7500 

6900 

6600 

Stripped 

6700 

8000 

7400 

7500 

Total Volatiles. X 

3.6 

4.4 

4.5 

5.0 

Free Acid, % 

17.8 

15.3 

17.0 

17.2 

Moisture, % 

0.02 

0.01 

0.01 

0.02 

Ammonyx G, 
-Chloride, % 

4.90 

4.83 

4.63 

4.53 

0.31 

0.31 

0.44 

0.36 

( iulfur, % 

1.08 

1.10 

1.06 

1.00 

Acrylonitrile, % 

10.8 

10.9 

11.1 

11.4 

Average Functionality 

2.17 

2.12 

1.91 

2.13 

Functionality Distribution 

Non, % 

12 

11 

12 

8 

Mono , % 

18 

14 

19 

16 

Di, X 

16 

22 

27 

30 

Tri, % 

40 

34 

35 

34 

Tetra , % 

9 

0 

0 

5 

Specific Gravity (25®C/25“c) 

0.934 

0.941 

0.936 

0 . 939 


Nev DDM batch selected during qualification studies as target for future 
production (see TWR-20I82) . 

■ ♦♦ Old DDM Lot. 
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1. Both exporiatntal batchai of polyaar fall within tha 
normal batch- Co- batch variation for B3 polyaar. Until 
additional batches have been manufactured and tested, the 

* differences between the two batches (9999-1616 and 1617) 
cannot nacessarllj be ascribed to the two different anti- 
oxidants. 

2. Based strictly on polymer properties alone, either Vanox 
13 or Agerice Stalite should be satisfactory as a re- 
placement for PBNA. Final choice between these two 
should be based on propellant properties. 

3. Since no clear preference emerged from the propellant 
data (paragraph 5.6) Agerlte Stalite was recommended for 
further testing for the following reasons: 

a. The functionality distribution pattern seen in batch 
9999-1617 is somewhat more typical of past experi- 
ence. 

b. Agerlte Stalite is less expensive chan Vanox 13. 

c. Agerlte Stalite is a less complex mixture Chan is 
Vanox 13 and should lend itself more readily to ana- 
lytical determination and subsequent quality con- 
trol. 

5.5 HC POLYMER TESTS 

Into separate 30-gallon portions of Che sane HC polymer batch (9999- 


, different antioxidants oere 

blended as 

follows: 

Antioxidant 

X by Wc 

Drum No. 

PBNA 

2 

2 

A02246 

2 

3 

Agerlte Geltrol 

2 

4 

Irganox 1076 

2 

5 

None (control) 

0 

1 


Analytical data generated for these five drums at Ihiokol/Wasatch imme- 
diately after receipt are suanarized on the following page. 
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Drun 1 
No. AO 

Drtsa 2 
PBNA 

Drua 3 
A02246 

Dr\s 4 
Ag Celtr 

Drum 5 
Irganox 

Viscosity at 26*C, 
Poises,. 

236 

224 

236 

232 

225 

Acid No. (equlv/lOOg) 

0.056 

0.054 

0.057 

0.056 

0.055 

Sn 

4,070 

4,040 

6,13C 

* 

A 

3w 

7,260 

7,350 

7,210 

7,440 

7,300 

Specific Gravity 
25V25* 

0.905 

0.910 

0.906 

0.909 

0.905 


*No test data due to interference from the AO 

5.6 ONE-GALLON MIXES (INITIAL HB POLYMER) 

Three 1-gallon nixes of Scalite-HB and three 1-gallon nixes of Vanox-13 
H5 were oade to check propellant properties prior to deciding which antloxi- 


dant to 
lows: 

i use. Mechanical properties of 
Polyner X HB E^*^(psi) 

the TP-R1148 
(psl) 

propellant are 

c 2.6 (2) c 

a- 

as fol- 
r<» 


Stalite 

86 

745 

153 

33 

42 


Stalite 

87 

470 

111 

36 

48 


Stalite 

88 

224 

70 

42 

68 


Vanox 

86 

740 

151 

34 

43 


Vanox 

87 

468 

110 

37 

50 


Vanox 

88 

227 

72 

42 

66 

Target 

values for 

standard 

TP-H1148 are: (psi) 

• 535, Op|(p8i) 

- 110, 

* 2.6 
BT 

(X) - 35 







Fron this data, It is apparent that there is no significant difference 
between propellant oade froa these polymers as coopered to standard TP-H1148 
propellant. 

Brookfield viscosities ranged froa 12.4 to 15.8 kps, which is also nor- 
nal for this propellant. 

Finally, the percent HB required for the target stress of 110 psl is 
around 87. OX HB,. which is also within the norcal range required by PBNA poly- 
mers. 
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5.7 FIVE-GALLON MIXES (INITIAL HB POLYMER) 

la order to provide liner epecloeng end verify the 1-gallon nix data, 
three 5-gaUon oixea were oade at the target percent HB deterolned by the 
1-gallon oixea. Target mechanical properties were obtained and the remaining 
loaf cartons used for the initial liner investigation a^^ described below. 

The three 5-gallon mixes were a control mix with PBKA-HB polymer, a clx 
with Agerite Stalite-HB polymer and a mix with Vanox 13-HB polymer. 

5.B SELECTION OF FINAL CANDIDATE ANTIOXIDANTS 

For HB polymer, the selection of Agerlce Stallte was made after looking 
at the data reported thus far. A clear choice was either Agerite Stalite or 
Vanox 13. Because propellant nixes showed no particular preference, Agerite 
Stalite was chosen because (a) the func'.ionality distribution in Che Stalite 
batch is somewhat more typical of past experience, and (b) Stalite costs less 
chan Vanox 13 and lends itself more readily to analytical detemlnation of 
pe>.‘centage in the polymer and, therefore, better subsequent quality 
contrbl. 

A survey was made of the Agerite Stalite supplier, R. T. Vanderbilt Co. , 
with very positive results. Vanderbilt was most cooperative and pulled out 
15 years of Stalite manufacturing history, showing a cosplece sec of adequate 
quality control records of every lot manufactured. 

For RC polymer, the field of antioxidants was quickly narrowed to Ager- 
ite Celtrol and Cyanox 2246 on the polymer-antioxidant compatibility basis 
only. The selection of 2246 was then made on the basis of its having been 
used in another propellant liner system successfully for many years, thus 
liq>lying both compatibility and adequate supply. 

5.9 FINAL QUALIFICATION BATCHES MANUFACTURE 

HB Polymer - After finally selecting Agerite Stalite as the antioxidant 
for HB polymer, four batches of polymer were manufactured at the vendor's 
plant (American Synthetic Rubber Co.). 

The first batch- was high in viscosity (466 poise). At this point, the 
second batch was in progress but the third batch had not been started. Be- 
cause the first batch was higher in viscosity than expected, starting the 
third batch was held until the results of the second batch were obtained. 
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The second bstch was 344 poise viscosity » aore In line vlth what vaa 
expected. Subsequent investigation Indicated that the first batch was ouch 
darker than the second, Indicating that sons sludge of PBNA polyo&r was 
picked \}p In the lines. 

The third batch plus a replacement batch for the first, one were then 
3sauf secured. Viscosities of these two batches were 407 poise and 311 poise 
respCwClvely. 

Viscosity of the blend, designated 9999-1742, vat 359 poise, within the 
specification limits for a lot. 

HC Polymer - Because HC polymer can be manufactured and processed with- 
out an antioxidant, a single batch was manufactured as described in Section 
5.3. Subsequently, a large lot of ^)2246 HC polymer was manufa '::Cured for 
other programs and designated as stock-lot number 6296-0007. This material 
will be used for final data and aging. 

It was felt chat the manufacture of this polymer was fortuitous and 
beneficial for the SR.M new AO qualification program, because it removes the 
stigma of a single batch of HC polymer, which has been shown to be a problem 
In the past. Normally, a lot, consisting of many batches, of HC polymer Is 
used in the SRM motors and our past data and Cv .trol mixes are based on lots, 
not batches. Data for lot 6296-0007 are as follows; 

TC Vasatch TC Moss Point 
Analysts Analysi f 


Viscosity (25'^:) 

220 poises 

222 

Specific Gravity (20*C/20*C) 

0.909 

0.908 

Acid Number 

0.555 

(gm/gn equlv) 

0.555 

Moisture 

O.OlZ 

0.020 


The lot Is well within specification requirements. 

5.10 POLYMER PROPERTIES AND AGING 

A 13-oonth polymer shelf life study was conducted to confirm chat 1.1 
percent Agerlce Stalite would protect HB polymer during normal storage. Lot 
9999-1742 of HB containing a nominal one percent Agerite Stalite (the full 
scale manufacturing blend) was scored In glass under air at 120*F and at 
ambient temperature in glass under air. Lot 7227-0007, containing a nomi- 
nal one percent PBKA, was scored under identical conditions as a control. 
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Saaplct w«r« wlthdra%m for dtrcralnaclon of viscoslcr, aoltcuUr uolghc, and 
antioxidant Itval at xaro tlat, 3 aontha, 6 aontha, 9 nontha, 12 aontha, and 
15 aontha. ftaaulta art gittn in Tablt 3. Thtat data indicata that, cMipartd 
to tht PBNA control, Agtrita Stalitt ia tntirclp aatiafactory aa an 
antioxidant for purpoaca of polyatr protection, and there ia aoae auggeation 
that Ageritt Stalitt oay bt alightly auptrior. 

5.11 MIXING OLD AND NTW HB POLYMER 

HB with PBNA la nearly opaque and HB with Agerite Stalitt ia honey** 
colored and tranaparent. The tank farma (at the HB vendor' a plant and at 
Thiokol/Uaaatch) will each have about a five percent (by weigtit) heel, ao the 
two polyntra were nix«l in the laboratory to check for cospatibillty.. Ten 
percent of PBNA-H") waa added to 90X of Age rice Stalice-HB, and a aecond mix- 
ture of one percent PBNA-RB waa added to 99X Agerite Stalite-HB. 

It ahould bt mentioned that no Incoopatibilicy is theoretically expected 
becauat PBNA and Agerite Stalitt arc aimilar chenical specie a. Thla experi- 
ment waa performed mainly aa a final check and to aateaa the color/tranapar- 
ency changea. 

The polyreera were aimply heated up to 13S*r and individually weighed 
into clear glaaa aampxe vlala. f«o mixing was done at first. The two poly- 
mers remained essentially separated, as indicated by the color difference. 

The vials were turned upside down, then returned, many rices. The dark- 
colored PBNA HB did not ever actually mix. The vials were then let set for 
about 3 weeks. The two phases then became one and remained ao. 

This indicates that when the Agerite Stalite-RB polymer ia introduc ";0 
into the tank farms at the vendor's plant and at Thiokol/Vaaatch there will 
be a trace impurity of PBNA-HB polymer in the Agerite Stalite-HB polymer for 
some time. 

Ao analytical laethod is now available to analyze separately the ’miounts 
of Agerite Stalltc and PBNA In HB polymer, should this become necessary. 

6.0 PROFfcLLAKT DATA AJH) ANALYSIS 

6.1 STANDARDIZATION OF TP-H1148 PROPELLAfn* WITH AGERITE STALITE ANTIOXIDANT 

Five nixes of TP-H1148 propellant were processed in the 5-gallon verti- 
cal nixer using raw material evaluation A94 (Agerite Stalite) ingredients. 
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Three one'*half gallon cartons and three TU-131 aotors were cast froa each 
alx to evaluate isechanical and ballistic properties. 

Raw Materials - The raw oaterlal lots used in the standardization mixes 
are listed In Table 4. The particle size distribution of the ground AP is 

c 

suasarlzed In Table 5. It Is observed that grind BUD A94>10026 is coarse and 
not totally representative of SRM history. Note also the Inconsistency be- 
tween thief and flap samples. 

Rheology - The EOM propellant viscosity data obtained from the standard- 
ization mixes are listed in Table 6. Brookfield viscosities (TD spindle, 1 
rpo) ranged from 19.1 to 20.8 kp. 

^iechanlcal Properties - Mechanical property data obtained from the 
standardization are sximmsrlzed in Table 7. These data are presented graphi- 
cally In the following figures. 

Figure 5 - Mechanical Properties vs HP Polymer Content 
Figure 6 - Propellant Mechanical Properties 

The response of maximian stress, strain at maximum stress and modulus to vari- 
ations in the HB polymer content is presented below: 

1. Oq - 4,012.4-45.00 (HB) 

2. e 2.6 . 96.74-0.7143 (HB) 

IBr 

3. e2.6 . 23,665.6-260.79 (HB) 

The mechanical property requirements defined in the prooellant soeclfl- 
catlons are summarized below: 

Specification Standardization 

Parameter Requirement Target 

(psi) 80 no 

c^_2.8 (Z) 30 

Solution of equation (1) for the target stress of 110 psi results in an 
M polymer content of 86.7 percent. Corresponding solutions for equations 
(2) and (3) result In the following predicted properties: 


HB 

86. 7Z 

®m 

110 psi 

Cq.2.6 

35Z 

e2.6 

535 psi 
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TABLE 4 
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WtSAKM OMUOH 


RAW MATERIAL EVALUATION A94 
Tr-E1148 PROPELLENT 


losredieat 

Lot Nunber 

Grind Kxunber 

RB Polyner 

9999-1742 


Aluninua 

7228-0005 


Ferric Oxide 

7226-0004 


AP - CUround 

7229-0004 

BtJD A94-10026 

AP ~ Xhigrou&d 

7229-0004 


EGA 

7225-0007 



TABLE 5 



AP PARTiaE SIZE DISTRIBUTION 



Screen 

(%) 

Coulter Counter 0^) 

Grind Kunbcr 

200 Uesh 

325 liesh 

10% 

50% 

90% 

Bm> A94- 10026 



7.3 

25.8 

64.0 

A Flap 

6.1 

27.0 




B Flap 

6.1 

29.4 




Tliief 

3.3 

21.0 
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Ballistic Properties - Ballistic property data obtained from the stand- 
ardization ralxes are sunnarlzed In Table 7. The response of liquid strand 

and TU~131 motor burn rates to variations in the ferric oxide content Is 

*• 

illustrated In Figure 7. The responses may be expressed mathematically as 

c 

follows: 

(4) LSBR at 1,500 psig - 0.^788 + 0.2875 (Fe 203 ) 

(5) TU-131 at 625 psia - 0.3287 + 0.1425 (Fc 203 ) 

Solution of equation (5) for the target burn rate of 0.356 In. /sec re- 
sults in a ferric oxide content of 0.19 percent. Corresponding solution of 
equation (4) results in an LSBR target of 0.533 in. /sec for process con- 
trol. 

It was noted that the viscosity of the propellatt is slightly higher 
than previous standardization nixes with PBNA polyner, but not enough to be 
significant with this anount of data. 

6.2 600-GALLON MIX OF TP-H1148 PROPELLANT WITH ACERITE STALITE ANTIOXIDANT 

. In order to provide sufficient loaf cartons and strain evaluation 
samples, a 600-gallon nix of propellant was made. All samples were cast and 
subnitted to various zero time and aging mechanical property tests. The 600- 
galloa mix had a zero time ambient max stress of 99 psi (II psl below target, 
but well within prediction capabilities) and normal strains and modulus 
values. 

A slightly higher end-of-mix viscosity was noted in this mix, and on the 
3-gallon standardization mixes. For this reason, additional 5-gallon mixes 
were made for a flow study (next paragraph). 

6.3 ADDITIONAL 5-GALLON MIXES TO STUDY PROPELLANT RHEOLOGY 

Two TP-H1148 5-gallon mixes were completed for this study. Mix 209-5- 
0489 contained Agerite Stallte antioxidant and Mix 209-5-0512 contained PBNA 
antioxidant. All other ingredients and the formulation were identical for 
the two nixes. 

The propellant from the two mixes was cast through a 5/32 in. slit place 
at 135”F. The viscosity of the propellant was monitored during casting. 

These data are shown in Table 8 and Figures 8 and 9. 
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A* can ba aaen by txamlnlng cha data, thara ara dlffaraocaa In vlacoalty 
and flow rata for Cha two dlffarenc antloxidancs. 

In.ordar co ahow rhaaa dlfferencas aora claarly, cha affacc cha dlffar- 
enc propellanca have o^ caaCing a Shuccla tagnenc will ba calculacad. 

Regraaalon of Che d«ca froo Figure 9 yields cha following flow race 


equations: 

Q 

new 

• 

1/(1.817 + 1.349 EOM) 

Q 

old 

- 

1/(1.568 + 0.933 EOM) 

Vhere 

Q 

new 


flow rate of Agerite Stalite AO propellant (Ib/min/ 
linear in.) 

Q 

old 

■1 

flow rate of PBNA AO propellant (Ib/min/llnear in.) 

EOM 

■ 

time after EOM (hr) 

A silt 

plate 

for 

casting a Shuttle segment contains 557 linear inches 


sllc. Using a value of cwo hours afcer EOM for coaparlson and equaclons 1 
and 2, flow races are calculated. 

Q - (1/(1.817+ 1.349 t 2)] 557 

■ 123.4 Ib/nln 

Q old “ [1/(1.568 + 0.933 X 2)J 557 
- 162.2 Ib/aln 

This shows chac Che new Agarlte Scallce antioxidant propellant has a 
38.8 Ib/min lower flow race chan the old PB!<A antioxidant propellant when 
using a single slit plate Cwo hours after L M. 

6.4 TP-H1148 MECHANICAL PROPERTIES AND AGING 

Summary - An extensive oechaaical properties characterization was con- 
ducted on this TP-H1148 propellant. The baseline test matrix is found In 
Table 9 iidiile Table 10 contains the accelerated aging test matrix. Table 11 
outlines testing conducted on two mixes containing P3NA and one contaii«lng 
Agerite Stallte. 

Data and/or plots from five different TP-H1148 propellant mixes are 
contained in this section of the report. The mixes are: 

1. Mix A947006 - Experimental and developmental mix 
containing Agerite Stalite antioxidant. This was 
cast in March 1979. 
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SIM PltOPEUANT CBAIACTEIIZATIOK TEST MTKZZ 


Crotthoad 

Mt# Tttt T— ptf tart. *F Nuabtr 


Ttat 

(In. /Bin) 



12 

IJi 

100 


i&L 

X 

of Taitj 

Unl«xl4 Taaallt 

0.2 

X 

X 

X 

X 

X 

X 

60 


2 

X 

X 

X 

X 

X 

X 

X 



20 

X 

X 

X 

X 

X 

X 



Pi'tsturitcd 

0.2 



X 

X 

X 

X 


36 

Taatilc 

2 



X 

X 

X 

X 



(1000 pii) 

20 



X 

X 

X 

X 



Lies X Elongation 
5, 10. 15X 

2 




X 

X 



54 

(Hold 90 Daya than 

20 




X 

X 




taat) 

200 




X 

X 




Biaxial 

0.1 

X 

X 

X 

X 

X 

X 


54 


1 

X 

X 

X 

X 

X 

X 




10 

X 

X 

X 

X 

X 

X 



BlakUl 

0.1 



X 

X 

X 

X 


36 

Praaauriaad 

1 



X 

X 

X 

X 



(1000 pal) 

10 



X 

X 

X 

X 



Strtaa Rtlaxatlon 
(to 10^ aacond) 
Strain. X 2 


X 

X 

X 

X 

X 

X 

X 

21 

10 



X 

X 

X 

X 

X 


15 

Praaauriaad 
(1000 pal). X 2 



X 

X 

X 

X 

X 

X 

18 

10 



X 

X 

X 

I 

X 


15 

Ye 

0.1 

X 

X 

X 

X 

X 

X 


51 

1 

X 

X 

X 

X 

X 

X 




10 


X 

X 

X. 

X 

X 



Ye Praaauriaad 

0.1 



X 

X 

X 

X 


36 

(1000 pal) 

1 



X 

X 

X 

X 




10 



X 

X 

X 

X 



Y« 

0.02 


X 

X 

X 

I 

X 


45 


0.2 


X 

X 

X 

X 

X 



. 

2 


X 

X 

X 

X 

X 



Ye Praaauriaad 

0.02 


X 

X 

X 

X 

X 


45 

(1000 pal) 

0.2 


X 

X 

X 

X 

X 
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TABLE 9 (Cone) 


»<uufc»» t mtOf 


SRM PROPELLANT CRAJUCTZRXZATKJN TEST MATRIX 


Tttc 


Dynaslc Shear* 

(5-600 Bee) 

TCLE Range (-150 •fl50*F) 


Teat Taaparaeura, *P Nuaber 

21 12S 9l.lt|tt 

XXX 9 

3 


Bulk Modulus 


X 


3 


Poliaoo'a Ratio 

(Aablant Praaiur* and ;<«sipcraeure only) X 


6 


SECa (2-in. oia.) (3 bora diacacar x 3 aaoplaa each to failure 9 
(135"P, 110*P, aoblanc, -5*P par day to failure) 

Bora Dia. - .252" 

Bora Dia. - .313" 

Bora Dia. - .376" 

(1 bora diaaatar x 3 aaaplaa) (cycle to failure) 3 
(cycle batvaao 100*p and 30*P) 

Bora DU. - .376 in. 


*Lotf frequency only. 
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TABLE 10 


ACCELERATED AGING TESTS 

PROPELLANT AGING TEMPERATURES - 75, 110, 135, and 150*F 
TESTS AT END OF SIX MONTH AGING PERIOD 


Test 


Crosshead 
Rate (In/nln) 


Test Temperature. *F 

30 75 145 165 Wunber of Tests 


Uolaxlal 

Tensile 


Biaxial 


0.02 


0.2 X 

2.0 X 

20.0 X 

O.l X 

1.0 X 

10.0 X 


XXX 
XXX 
X* X X 
XXX 

XXX 

XXX 

XXX 


45 


36 


* Uniaxial tests at 75°F and 20 in. /min crosshead rate vere pulled at 
nonthly intervals axcluding the fifth uonth. 
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TABLE 11 


Te»t 

Uniaxial Teas lie 

Plane Stress, y 
*c 

Stresf Relaxation 
Creep 

Strain Endurance 


*Repeat twice nore 


aevisioN 






SRM NEW AND OLD AO TP-H1148 TEST MATRIX 


Nvotber of 
Spcclaens 
per Test Point 

3 

5 

S 

5 

5 


Cross head 
Rate 
(tn/ain) 

0. 002 
0.02 
0.2 
2.0 
20.0 


0.002 
0. 02 
0.2 


Temperature, *F 
75 100 120 


X 

X 

X 

X 

X 


X 

X 

X 

X 

X 


X 

X 

X 

X 

X 


Nu^er 
of Testa 

69 


X 

X 

X 


X 

X 

X 


X 

X 

X 


27 


X* 


15 


5 XXX 

Select three loads to fail at 
20,100 and 1000 hrs. 

5 XXX 

Strain to failure, then test at lower 
strains to fin* strain level which will 
hold 28 days. 


45 


75 


after storing sanples at 75, 100, and 120*F for 10 and 30 days. 
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2. Mix 9915006 ~ Standardization alx containing PBNA 
antioxidant. This mix waa cast in Jancary 1977 
and tested shortly thereafter. 

» • 

3. Mix 9915008 - Standardization nix containing PBNA 

k 

antioxidant. This mix %«s cast in Jancary 1977 
and tested shortly thereafter. 

4. Mix B160002 - Production nix containing PBNA anti- 
oxidant. This alx was cast in March 1980. 

5. Mix A455020 - Standardization mix containing PBNA 
antioxidant. This mix was cast in January 1978. 

In general, the mechanical properties of Mix A947006 correlate very well 
with other Space Shuttle mixes. The differences are slight and probably due 
somewhat to experimental error. However, the uniaxial data indicate that Mix 
A947006 has slightly higher strain capabilities at test temperatures ranging 
from 0* to 145*F while maximum stress values are correspondingly lower. The 
failure envelopes are also very similar with Mix A9470D6 showing a slight 
shift to the right and down at high strain. 

The biaxial failure envelopes are even more closely correlated than the 
uniaxial data with Mix A947006 again being shifted somewhat to the right. 

Accelerated aging of the propellant does have some effect on mechanical 
properties. Although there were not enough tests run on the aged propellant 
to plot a complete failure envelope, a comparison was sade using the avail- 
able data for both the uniaxial and biaxial tests. In both situations, the 
failure envelope shifted slightly to the left with increased aging temper- 
ature. 

Mix A947006 was allowed to age for one year at ambient conditions and 
then tested again to confirm that the new antioxidant will have little effect 
on aging properties of the propellant. In addition, two mixes containing 
PBNA (B160002 and A455020) were tested simultaneously with mix A947006. 

These data confirm that the mechanical properties of SRM propellant 
depend very little on which of the two antioxidants are used in the HB poly- 
mer. 
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Concluilons - All indications are. that from a mechanical properties 
point of view, TP-H1148 propellant with the new antioxidant ^erite Stalite 
la the HB polymer, should perform at least as well as previous nixes with 
?BSA antioxidant in the polymer# 

Discussion - The curves generated for this report show' very little data 
scatter. The data, therefore, should be considered valid and meaningful. 
Eowever, extracting all of the raen.oingful infoination from the data Is diffi- 
cult. The data from the mix with the new antioxidant (A947006) compares very 
favorably with data from previous sti^ndardiaation nixes (991>D06 and 
9915008). 

Figure 10 compares uniaxial data of the unaged propellant with the same 
propellant aged six months at four different temperatures. As expected, this 
propellant loses some of its stialn capabilities at high aging temperatures. 

It should be pointed out, th>*: this propellant, aged six months at 150®F, is 
conparable to propellant ag 1 'bout eight and nine years at ambient tempera- 
ture.^ Figures 11 and 12 are similar comparisons using biaxial data. The 

results are almost identical. 

% 

Figure 13 demonstrates how uniaxial data obtained from propellant with 
Che new antioxidant compares with the original standardization mixes. One 
can see that the strain capabilities are slightly higher in the new propel- 
lant while maximum stress values are correspondingly lower. In other words, 
the propellants are essentially identical, the oajor difference stemming from 
the difference la initial stress values. (Mix A947O06 was 99 psi while mixes 
9915006 and 9915008 were 117 and 118 psi, respectively.) 

Figure 14 demonstrates the effects of ambient conditioning on TP-H1148 
propellant* The propellant ages independently of the antioxidant. It hardens 
slightly with time. The creep data were added to this plot to demonstrate 
that the curves actually do turn back down at Che lower end. No baseline 
creep testing was conducted on Mix A947006. Note Chat the creep data for all 
three mixes fall pretty well on top of each other, which indicates that the 
aging processes have even smaller effects on very slow rate testing. 

^Layton, L. H. , tennett, S. J., and Breitling, S. M. , "Advanced Surveil- 
lance Technology for Service Life Analysis," Special Report, AFRPL-TR-77- 
51, Contract F04611-75-C-0031 , September 1977. 
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TRUE STRAIN AT CORRECTED MAX STRESS (Z) 



Figure 10. Uniaxial Failure Envelopes for TP-H1148 Propellant 
Mix A9A7006, Zero Tine and Six-Month Aging 
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TRUE STRAIN AT CORRECTED MAX STRESS a> 


Figure 11. Biaxial Failure Envelppes for TP-E1145 Propellant 
Mix A947006, Zero Time and Six-Moath Aging 
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TRUE STRAIN AT CORRECTED MAX STRESS (X) 


Figure 12. Conparison of TP-H1148 Propellant Vith New 
Antioxidant (Mix A947006) to TP-H1148 Propellant Standardization 


Mixes 9915006 and 9915008 Biaxial Failure Envelope 
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■ TRUE STRAIN AT CORRECTED MAX STRESS (X) 

Figure 13. Comparison of TP-H1148 Propellant With New Antioxidant 
(Mix A947006) to TP-H1148 Propellant Standardization Mixes 
9915006 and 9915008 Uniaxial Failure Envelope 
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Figures 15 and 16 are failure envelopes generated frou 1,000 psi prea- 
sure data. No corresponding plots from the other mixes are available. 

Figure 17 is a comparison of the relaxation modulus curves of three 
mixes. The relaxation modulus of Mix A947006 (new AO) has increased over the 
one year aging period, but no more than would normally be expected. Even 
smaller changes in modulus can be expected from here on because the rate of 
ajing slows down with time. Figure 18 is a plot of cohesive fracture energy 
and demonstrates the saiae aging trends as Figure 17. Figure 19 is a relaxa* 
cion curve generated from 1,000 psi pressure data. 

Only the most pertinent figures are included in this report. All data 
tables and corresponding plots are contained in r<^R-12559, Revision A. 

7.0 LINER DATA AND ANALYSIS 

7.1 INITIAL NEW AO LINER TESTS 

The first series of liner (UF-2137) tests were run using PBNA, Agerite 
Geltrol, and AD2246 antioxidants (one in each of three samples) in the HC 
poly'ffer and using PBNA-HB in TP-H1148 propellant. Three 5-lb batches of UF- 
2137 (Table 12) w^re made and the following tests were conducted: 

1. End-of-mix viscosity - Brookfield HBT, TA spindle 
at 5 rpm. 

2. Viscosity vs tine - liner placed in 135‘F, Brook- 
field HBT, TD soindle at 5 rpm. 

3. Penetrometer - liner cured 24 and 32 hr at 135*F, 

0.392 in. dia ft, 100 g, 60 sec readings. 

4. Hardness (Shore A) versus cure time at 135*F. 

5. Adhesion to steel - cured 168 hr at 135*F and 

pulled at 0.5 in. /min. Z' 

6. TP-H1148 bond strength to liner - UF-2137 lined 
(65 nils nominal) adhesion plates and broadcloth 
was cured 3 hr at ambient plus 68 hr at 135*F for 
one set and 168 hr at 135*F for a second set. TP- 
H1148 (9970089) was cast and cured 96 hr at 135*F. 
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A947006. ZERO TIME 
A947005. ONE YEAR AGING 
A455020. TWO YEAR AGING 
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8 Propellant Cohesive Fracture Energy Master Curves 
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Adhesion saaples were pulled at 0.5 in./oln and 
180* peel sasples at 12.0 In./oin. 

Results of these tests were as follows: 

1. Viscosity followed the saiae general trend for all 
three mixes except the Initial part of the control 
mix (Figure 20). 

2. Penetrometer readings were taken at two Intervals 
as follows: 

Cure Time Penetrometer (MM) 

(hr at 135*F) Coatrol~PBXA Agerlte Geltrol Cyanox 2246 

24 5.5 2.7 3.1 

32 0.4 0.1 0.4 

3. Shore A hardness (Figure 21) shows the control mix 
curing slightly slower than the two tew mixes. 

There was only a slight difference between the two 
new mixes. 

4. UF-2137 adhesion to steel and TP-H1U8 propellant 
adhesion to liner were within the sane range for 
all three mixes (Table 13). Peel strength was 
lower for both the two new antioxidatt mixes (7.2 
and 6.2 for the control vs 4.5 to 3.8 Ib/in. ). 

This was the first indication that the new antioxidant in PC polymer rould 
cause a problem, but because this was only one test, there was cause for 
running additional cure rate studies and llner/propellant bond tests. 

7.2 IKITIAL NEW HB PROPELLANT, OLD LINER TESTS 

The next series of tests was conducted to corspare TP-HII48 propellant 
Dade with three separate polymers - Agerlte Stalice-3B, Vanox 13-HB, and 
PBNA-HB - to UF-2137 liner made with PBNA-HC polymer. 

1. Adhesion plates and broadcloth were lined with UF- 
2137 (nominal 65 nils thick - Mix 180131). The 
liner was cured 67 hr at 135* F. 

2. Propellant from three mixes (Table 14} was cast on 
the samples and cured 96 hr at 135*F. 
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TABLE 13 
Bond Tests 


UF-2137 

Adhesion 


TP-H1148 to UF-2137 7 


Mix to Steel 

Failure 

Adhesion rosi) 

ISO* Peel (Ib/in.) 

No. Antioxidant (psi) 

prop) 

Cure 1' 

Cure 2# 

Cure 1 

Cure 2 

1 Control - PBKA 214 

100 

120 

120 

7.5 

6.2 

200 

100 

130 

118 

7.5 

6.5 

210 

20 

113 

118 

6.7 

6.0 

210 

100 

— 

— 



215 

60 



— — — . 

mmmmmm 

200 

100 

— M — 





■ros 


TTL 

TT5 

TO 

TO 

2 Agerite Geltrol 205 

300 

130 

121 

6.0 

5.0 

220 

100 

122 

126 

5.8 

5.0 

210 

100 

123 

113 

5. 5 

5.0 

206 

100 





216 

100 

— - 

— * . 


_ ^ ^ 

227 

100 




^ mm 


■OT 


TO 

TO 

TO 

TO 

3 Cyanox 2246 209 

100 

123 

125 

5.8 

4.5 

209 

0 

121** 

118 

6.0 

4.5 

215 

5 

123 

124 

5 . 5 

4.5 

205 

0 





210 

10 

... 

...» 



212 

100 



_ 


•2TTJ 


TO 

TO 

TO 

l."5 

* Cure 1 * 68 hr cure at 135®F 






Cure 2 ■* 168 hr cure at 135 , 

F 






*♦ 20% propellant film, all other adhesion samples 100% propellant 
failure. 

Peel samples all had a propellant film on the liner. 
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TP-H1148 Peel 

Strength to UF-2137 

Liner 



Peel Strength (Ib/ln. ) 


Agine 

PBNA-Control 

Agerite Stalite 

Vanox 13 

(no e °F) 

209-5-224 

209-5-223 

209-5-220 

0 

5.0 

6.0 

5.8 


5.6 

5.7 

6.0 


6.1 

6.0 

6.4 


5.6 

5.9 

6.1 

2 @ 150 

5.0 

4.6 

5.1 


4.9 

4.6 

4.7 


4.8 

4.5 

4.8 


4.9 

4.6 

4.9 

4 6 150 

5.0 

5.4 

5.2 


5.0 

5.0 

5.4 


5.4 

5.2 

5.3 


5.1 

5.2 

5.3 

6 e 150 

5.4 

5.1 

5.8 


5.2 

5.1 

5.4 


5.3 

5.2 



5.3 

5.1 

5.5 

6 e 75 

5.3 

5.0 

5.8 


5.4 

4.7 

5.7 


5.2 

5.1 

5.7 


5.3 

4.9 

5.7 


All ssuqiles bad a propellant film on the liner 
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. Adhesion senples vere pulled at 0.5 In. /min and 
180* peel samples at 12.0 In. /min. 

ft. Additional samples were packaged and were aged 
two, four and six months at 150 *F and six taontha 
at 75*F. 

Results of these tests were as follows: 

1. Peel strength of the Agerlte Stalite propellant 
mix was slightly lower than the control and the 
Vanox 13 was slightly higher after six nonths 
aging as shown in Table 15. 

2. Adhesion of the Agerlte Stalite propellant mix was 
slightly lower for the six months aging at 150*F 
and higher for the six months at 75*F, while the 
Vanox 13 was higher compared to the control. 

Actually, all peel values ranged from 4.9 to 6.1, none of which are 

significantly different with this musber of samples. 

\ 

7.3 FURTHER TESTS WITH A02246 HC 

Because there was some indication that new antioxidants resulted in 
lower liner propellant peel values and caused an increased liner cure rate, 
both of which would be detrimental in a motor under aging conditions, further 
tests with PBNA- and A02246 HC liner, and PBNA and Agerlte Stallte-HB d.n pro- 
pellant were run. 

The samples using the "old" polymers in the liner and propellant have 
higher peel strength than when using "new” polymers (7.8 and 8.0 Ib/ln. 
versus 5.5 lb/ in.. Table 16). When using one "old" and one "new" polymer the 
peel values are intermediate (6.4 to 7.0 Ib/ln.). 

Liner made with HC polymer containing the new antioxidant cures slightly 
faster as shown by viscosity (Figure 22) and Shore A hardness (Figure 23). 
Liner precured 20, 24, 28, and 32 hr at 135*F and then placed under vacuum 
for a total of 168 hr at 135*F also showed the cure difference when made into 
peel samples. 
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TP-H1148 Adhesion to UF-2137 Liner 



Adhesion 

(psi) and Failure 

(% Prop) 


Aglnz 
(no « ®F) 

PBNA-Control 

Agerite Stalite 

Vanox 13 

209-5-224 

209-5-223 

209-5-220 

0 

116 100 

126 

90 

132 

100 


116 100 

125 

40 

136 

100 


116 100 

137 

90 

130 

90 


116 

129 


133 


2 9 150 

147 10 

153 

20 

167 

20 


144 0 

160 

30 

151 

100 


141 50 

154 

0 

155 

100 


144 

156 


158 


4 e 150 


160 

0 

158 

0 


154 0 

167 

0 

156 

60 


162 0 

163 

10 

151 

0 


158 

163 


155 


6 € 150 

178 0 

173 

0 

172 

0 


175 0 

168 

0 

188 

0 


170 0 

158 

0 

187 

0 


174 

166 


182 


6 0 75 

140 0 

143 

0 

158 

0 


151 0 

148 

0 

157 

80 


143 0 

152 

20 

— 



145 

148 


158 
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TABLE 16 
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TP-H114S TO UF-2137 BONL STRENGTH 


UF-2137 

TP-H1148 

.Adhesion (psi) 

00 

o 

o 

Peel 

(Ib/in) 

Liner 

Propellant 

Cure 1** 

Cure 2“* 

Cure 

T 

■Cu?e 2 

Old* 

Old* 

110 

111 

8.0 


7.9 


104 

114 

7.9 

7.9 

112 

111 

8.0 

7.6 


w" “ITT TTr “T:ir 


Old 

New 

99 

98 

7.4 

6.9 



96 

97 

6.9 

6.6 



102 

98 

6.8 

6.4 

% 


99 

98 

770 

6.6 

New 

Old 

110 

111 

6.3 

6.1 



112 

115 

6.2 

6.6 



111 

113 

6.5 

6.5 

- 


“Tn“ 

113 

6.3 

6.4 

New 

New 

99 

99 

5.5 

5.4 



98 

97 

5.5 

5.5 



98 

98 

5.5 

5.7 




"?F“ 

nSTT" 

" 5 .'5 ■ 

adhesion 

samples were 

propellant 

failure. 




All peel samples were propellant film on the liner. 

* Old is PBNA antioxidant in the HB and HC polymer. 

New is Agerite Stalite in the HB and Cyanox 2246 in the HC polymer. 
** Cure 1 - Liner precured 68 hours at 135®F prior to casting. 

Djre 2 - Liner precured 168 hours at 135°F prior to casting. 
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Liner Precure (hr) 

180* Peel 
Old 

(Ib/in.) 

!»ew 

20 

4.0 

4.0 

24 

5.0 

lO.O 

28 

14.0 

18.5 

32 

20.0 

18.6 


The low peel strength results from s snsll layer of foam forming In the 
liner at the liner-rubber interface. As the liner ii cured at longer inter- 
vals prior to being subjected to vacuum, the amount rf ’’foam" or small bub- 
bles decreases, thereby adding strength to the liner rubber bond. This data 
would indicate the "new” liner is about four hours fister curing. 

Liner made with HC polj’ner that did not contain any antioxidant resulted 
iu slightly lower peel strength than when it contained one and two percent 
Cyanox 2246 (Table 17). 


Liner made with no antioxidant in the KC polymer cured slightly slower 
chan the one or two percent antioxidant mixes as shovn by viscosity (Figure 
24),. Shore A hardness did nr-t show any basic difference in the three mixes 
(Figure 25). 


7.4 LINER TESTS WITH THE NEW FULL LOT OF HC WITH AD2246 

The blended lot of HC polymer with AO 224 6 (Paragraph 5.1) was used to 
check the low peel and fast cure observed in the prerlous liner and liner- 
propellant tests. 

1. The liner was vacuum mixed the last 10 oln of the 

regular mixiog cycle. Adhesion discs and liner 
molds were cured 168 hr at 135*F. TP-21148 (Mix 

B547006) was cured 96 hr at 135*F. 

2. Adhesion samples were tested at 0.5 in./cin, dog- 
bones at 2.0 in. /min and 180* peel at 12.0 in./ 
min. 

3. UF-2137 was formulated using carboxyl, equivalent 
of 0.055 eq/100 g for the control lot of HC 
polymer (7220H3008). The new HC polymer (6296- 
0007) was tested at Thiokol/WasaCch Dirision as 
0.036 eq/lOC g (this was used in the liner 
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TABLE 17 

BOHD STfZKCTH OF UF-2137 L1KE& 
OONTAHTLIiG HC POLIHER WITH AMD 
VLTOUm AMTIOXIDAMTS 


Cyanox 2246 

Adhesion 

(psi) 

180° Peel 

(Ib/inch) 

Antioxidant in HC 

Cure 1 

Cure 2 

Cure 1 

Cure 2 

None 

102 

100 

7.2 

4.8 


— 

98 


4.8 


107 

100 

7.3 

5.2 


“105 

99 

7 

4.9 

1% 

108 

102 

7.6 

5.6 

% 

101 

98 

7.6 

5.7 


102 

99 

7.7 

5.8 


TOT" 

TOT" 

T7B” 

ITT" 

2% 

109 

105 

7.6 

5.6 


101 

100 

7.6 

5.9 


107 

105 

7.7 

0.2 


TOT" 

TOT“ 

"T7?" 

"rr“ 
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formulation) but the analysis from Tniofcol/Cheml- 
cal Division vas 0.0527 eq/100 g. 

UF-2137 (Table 18) was aixed and tested. Viscosity (Table 19) hardness, 
and penetrometer all show the liner using the >022^6 zurlng faster than the 
control nix using PBNA. Liner properties (Table 2v) shew the A02246 results 
in a higher stress and adhesion to steel and lower strain than the control 
mix. 

TP-E1148 peel strength was lower (Table 21) fer the AD2246 liner mix. 

7.5 REACTION OF PBNA AND A02246 WITH HAPO ANT) ERL-51' 

As a result of the previous liner tests, showing the lower peel values 
and faster curing rates with .402246 antioxidant, it was postulated that the 
?B!iA interferes with the epoxy-carboxyl cure reaction. 

Mixtures were prepared of PBNA and AD2246 with M.OO and ERL~510 as 
follows: 


Mix No. 1 

2.8Z 

PBNA 

97.22 

MAPO 

Mix No. 2 

2.8Z 

A02246 

97.22 

MAPO 

Mix No. 3 

3.62 

PBNA 

94.^2 

ERL-510 

Mix No. 4 

5.62 

A02246 

94.^2 

ERL-510 


Each n-*x was placed in 135"F oven and the FTIR sp-setra were obtained at 
differeat time Intervals on samples removed from each nix. 

In the case of MAPO, the aziridine ring deformation peak at 865 wave- 
numbers was chosen to follow the reaction. The absorbance values were mea- 
sured and then normalized to the CH 2 absorption at 990 wave-numbers. The 
normalized absorbance values are plotted as a function of time at 13S"F in 
Figure 26. It is apparent that there was no appreciable decrease in the 
absorption of the aziridine peak during six days at 135” F. 

With ERL-510 the absorbance of the epoxide peak at 820 wave-numbers was 
divided by the absorption at 1,500 wave-numbers which is due to c •* c stretch 
of the aronatic ring. These values are also plotted it Figure 26. The re- 
action of ERL-510 with both antioxidants is apparent. The rate of reaction 
of PB.NA is about 3.5 times the rate with AD2246. 
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* TABLE 18 


UF-2137 FORMULATION 


Ra'vp i^aterial 


Antioxidant in 

HC Polymer 


PBNA 


A02246 


Stock/Lot Nn. 

Wt % 

Stock/ Lot No. 

Wt % 

HC Pol^’caer 

7220-0008 

82.7910 

62.9C-0007 

82.7230 

M\FO 

9319-0008 

2.3966 

9319-0008 

2.4382 

ERL 510 

7297-0009 

1.5124 

7297-0009 

1.5388 

Iron Octoate 
% 

7318-0009 

1.0 

7318-0009 

1.0 

Thlxcin E 

7317-0009 

2.0 

7317-0009 

2.0 

Asbestos Floats 

7320-0009 

10.3 

7320-0009 

10.3 
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TABLE 19 
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UF-2137 PROPERTIES 


Viscosity* - 


Hardness - Cure time at 135 F 


AO in HC 



Units 

PBNA 

2246 

@ 135°F) 

kp 



0.1 


1.12 

1.57 

1.1 


3.38 

3.17 

2.1 


4.14 

3.93 

3.1 


4.82 

4.71 

4.1 


6.18 

5.72 

5.1 


6.64 

6.67 

6.1 


8.05 

8.40 

7.1 


9.01 

9.56 

8.1 


10.68 

11.99 

(hr) 

Shore A 



48 


19 

25 

68 


32 

42 

93 


39 

49 

117 


48 

54 

168 


50 

57 


Penetrometer •> (0.392" dia foot, 100 gr, 60 sec) 


Cure time at 135 F 


(hr) 


mm 


24 

28 


4.5 

2.4 


2.7 

1.1 


* Broc^eld HBT, TD spindle at 5 ipm 
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TABLE 20 


Parameter 

^ress 


Strain 


Adhesion to Steel 


* Liner failure, 

MCVISION 



UF-2137 PROPERTILS 


Units 


psi 


in/in 


AO in HC 


PBNA 

2246 

159 

187 

157 

184 

152 

182 

157 

185 

154 

184 

156 

184 

2.13 

1.63 

1.85 

1.72 

1.95 

1.38 

1.90 

1.65 

1.97 

1.61 

1.96 

1.60 


psi 258* 

245 
239 

247 
250 

248 


289 

288 

294 

294 

273 

288 


all other san^les were bond failure 
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TP-H1148 TO UF-2137 BOND STRENGTH 


Liner Cure Prior to Antioxidant in 

Casting (hr (S °F) HC Polymer 

68 @ 135 PBNA 


2246 


168 @ 135 PBNA 


2246 


All adhesion sauries were propellant failure 


Adhesion 

180® Peel 

_(P£l) 

(Ib/in) 

125 

10.3 

122 

10.6 • 

126 

10.2 

126 

— 

125 

10.4 

131 

8.0 

126 

7.9 

128 

8.0 

128 


123 

8.0 

128 

11.0 

123 

10.6 

130 

10.2 

128 

— 

127 

10.6 

129 

7.4 

130 

7.4 

126 

7.6 

129 

— 

129 

7.5 


peel samples had a propellant film on the line 
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DECREASE IN EPOXY OR A2IRI2INE IN 
LABORATORY PREPARED MIXES 



REACTION TIME (HOURS) 


Figure 26. Decrease in Epoxy or Azlrldlne in 
Laboratory Prepared Mixes 
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Thus, it is apparent that PBNA reacts with the EXL-510, thereby reducing 
the reaction rate of ERL-510 epoxy with the HC polyx>er carboxyl radicals, by 

depleting the nusber of available epoxy radicals. 

• • 

Subsequent tests were made by mixing PBKA (reageot) with ERL-510 and 
observing the mixture. PBS'A dissolves in the ERL up :o and including a 50/50 
(by weight) mixture, and cures the epoxy to a soft, hit solid mass at 135"F. 

In addition to the actual faster cure with A02245 KC as would be pre- 
dicted from the above data, it would also be predicted th<.t the liner-propel- 
lant adhesion would be somewhat less because the AD 22- 6 HC liner would be in 

«« 

a higher cure state when propellant was cast onto it. Thr.s, it is now appar- 
ent that the liner formulation must be adjusted to compensate for this situa- 
tion. 

There are three approaches to adjusting the liner formulation; (1) de- 
crease the curing agents (MAPO + ERL) to HC polymer ratio (epoxy + imine) : 
carboxyl, now at 1.04:1; (2) decrease the iron octoate cure catalyst (now at 
0.12); and (3) change the percentage ERL in the fors«ilatlon to provide the 
desired cure rate and liner-propellant peel values. 

These three approaches are covered in the following paragraphs. 

7.6 DECREASING THE CCRING AGENT :HC POLYMER RATIO 

Liner mixes were prepared using 0.7, 0.8, 0.9, 1.0, and 1.04 (control 
present foOTul-anton) tone curing agent, (imine + opoxy) *.r irboxyl ratios. Thesv. 
liners were then used to fabricate adhesion discs and liner molds. Propel- 
lant adhesion samples and 180° peel samples were made from propellant (TP- 
H1148) with the H3 polymer having the new antioxidant. Adhesion samples were 
tested at 0.5 in. /min, dogbones at 1.0 In. /min, and 160° peel at 12.0 in./- 
nin. The liner itself was measured by checking viscosity vs tine and hard- 
ness (Shore A) vs time (cure time of liner). 

Results of these tests are as follows. 

Increasing the curing agent increases adhesion to 
steel and Increases stress, with a corresponding 
decrease in strain (Table 22). 
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TABLE 22 


Test 


Adhesion to 
Steel 


Stress 


Strain 


*Liner failure 
adhesion disc 


watAtot Ot m tOH 


modified UF-2137 STREKGTH 


■ Curing Agent/HC Polyncr Ratio (i.e. 0.7/1) 


Units 0.7 0.8 

psi 170 201 

189« 211 

158 210 

158* 210* 

167* 221* 

TO im 

psi 99 123 

99 132 

97 139 

100 144 

95 135 

"TB ITS 

% 396 250 

400 250 

391 287 

426 276 

379 267 


0.9 

1.0 

1.04 

271 

290 

300 

267* 

289 

286 

304 

290 

320* 

285* 

295 

311* 

257 

288 

300 

T7T 

"TO 

“TO 

170 

175 

172 

170 

- 

185 

160 

171 

174 

168 

179 

169 

168 

177 

173 

TO 

TO 

TO 

220 

122 

142 

217 

— 

176 

174 

119 

137 

212 

131 

127 

227 

129 

146 

TO 

TO 

TO 


other samples were bond failure to the steel 
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2. Increasing the curing agent shows a trend in in* 
creasing adhesion tc propellant but drops off 
again when the ratio is greater than 1.0 (Table 
23). 

3. The results of the 180° peel tests (Table 23) show 
siollar trends, but sooewhat less positive. The 
"cure 2" results Indicate large reduction in peel 
values at the lower curing agent to carboxyl 
ratios. 

4. The nix v:.scosity tine curve shows a trend of 
faster rising viscosity with increasing curing 
agent (Figure 27). 

3. The Shore A hardness versus cure tice clearly 

shows a faster rise and harder cure for increar:ing 
cure tise up to 1.0 ratio. The 1.0 and 1.04 ra- 
tios yielded the same results (Figure 28). 

The results indicate that the softer liner (i.e., 0.8:1 and 0.9:1 CA:HC 
ratio) did attain the desired higher peel strength at the low liner cure 
state but decreased by approximately one-half at the higher liner cure state 
which is an indication of poor liner storage life. 

7.7 CHaI.’GISC the ^02246 HC LINER CURE CATALYST CONTEirT AND THE PERCENTAGE 

ERL 

The following tests were run on various liner batches with the new 
A02246-HC liner, varying the iron octoate concentration, and varying the 
amount of ERL in the formulation (separately) along with a PBNA-HC control 
liner mix. 

1. Five lb batches of liner were nixed In a Ross 
vacuua olxer with tae last 10 nln of the nix cycle 
mixed under vacuum. 

2. Viscosity (Brookfield GBT viscometer, TD spindle 
at 5 rpm) was obtained at end of mix and one hour 
intervals. The liner was stored at 135* F between 
viscosity readings. 
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TABLE ?.3 

T?-H11A8 TO UF-2137 (MODIFIED) BOM) STRENGTH 


(^»rlng Agent/HC Polymer Ratio (l.e, 0.7/1) 


Test 

Cure 

Units 

0.7 

Adhesion 

1* 

psi 

96 

102 

102 50 
TOT 


2 

psi 

92 100 

93 100 
90 100 

180* Peel 

1 

Ib/in 

10.1** 

9.9 

9.5 

“57^ 


2 

Ib/ln 

6.,6** 


6.7 

6.5 


0.8 

0,9 

1.0 

1.04 

106 

107 

110 

104 

103 S*** 

98 10 

108 5 

117 

112 

103 

111 

109 

TTIT 


TT7 

TT7 

88 100 

95 80 

102 10 

99c 

97 95 

102 100 

99 10 

97 

98 100 

95 90 

102 

97 

•57 

“77 

T5T 

75 

10.7** 

11.1 

8.5 

8.3 

10.9 

11.4 

8.6 

7.8 

9.9 

11.2 

8.8 

7.9 

TITB 

TT75 

777 

”8T7 

5.8** 

6.8** 

8.0 

6.9 

6.1 

6.7 

7.7 

7.1 

5.5 

6.4 

7.7 

7.2 

•T8 

TT5 

777 

T7I 


* Cure 1 - 68 hr 8 135* F liner cure prior to casting propellant 
2 « 168 hr 8 135*F liner cure prior to casting propellant 

** ^avy propellant fila on the liner on these groups, other groups 
bad a light fila of propellant 

***Percent propellant film, remaining failure is propellant 
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3. One liner mold was cured 168 hr at 13S‘'F, die A 
dogbones were cut and the dogbones were tested at 
2.0 in./nln. 

• ' 

4. Eardness (Shore A) was measured after 158 hr at 
135*F. 

5. . dhesion to steel disc samples, cured 168 hr at 
135*F, was tested at 0.5 In./mln. 

6. N’3R rubber was degreased with MEK, air dried, 
lined with liner (65 mils nominal) and cured 68 
and 168 hr at 135® F. TP-H1148 propellant was cast 
on the samples and cured 96 hr at 135® F. Adhesion 
cup samples were tested at 0.5 in. /min and 180® 
peel samples at 12 in. /min. 

The control mix is the UF-2137 using the present HC polymer containing 
che P3!«A antioxidant. All other nixes were made using the HC polymer con- 
taining X)2246 antioxidant. 

Decreasing che iron octoate catalyst content (Table 24) from 1.0 to 0.8Z 
changed the liner properties and TP-H1148 bond properties only slightly 
(Tables 25 to 27) but did not compare to the control (HC-PBNA). 

Increasing and decreasing the amount of MAPO both resulted in lower 
propellant-liner peel strength th.iO the control. The viscosity on the high 
MAPO clx increased faster than the controi. although the pnysical prc parties 
were in about the same range as the control. 

Increasing the ERL-510 content produced a harder liner and ^..riwer propel- 
lant-liner peel strength. Decreasing the ERL-510 produced properties within 
the range of the control and the peel strength also Increased. 

Graphs of the varying ERL-510 mixes (Figures 29 and 30) show that the 
various control mix values compare to the following MAPO: ERL ratios in the 
liner: Shore A -5.0, adhesion to steel -3.7, stress -4.1, strain -3.9, 68 hr 

180® peel -4.1, 168 hr 180* peel -2.9. As the ERL-510 is decreased 
(increasing MAPO/ERL ratio) the liner becomes softer and propellant-liner 
peel strength increased within tbs range tested. 
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TABLE 24 

LINER VARIATIONS 



CoiArol 

Low 

Low 

High 

Low 

High 

Control 

Lowest 

Parameter 

New Polymer 

IQ 

ERL 

ERL 

MAPO 

MAPO 

Old Polymer 

ERL 

MU No. 

1 

2 

3 

4 

5 

6 

7 

8 

EQui\*aleots 

MAPO-ERL 

1.04 

1.04 

0.90 

I.IS 

0. 90 

1.18 

1.04 

0..85 

MAPO/HC 

0.70 

0.70 

0.70 

0.70 

0. 36 

0.34 

0.70 

0.70 

ERL/HC 

0.34 

0.34 

0.20 

0.48 

0.34 

0.34 

0.34 

0. 15 

MAPO/ERL 

2.06 

2.06 

3.30 

1.46 

1.65 

2.47 

2.06 

4.67 

Weigti Percent 
HC Polymer 

82.7230 

32.9138 

83.4668 

82. 1228 

S'* . • 19 

82.2603 

82.7908 

83.5517' 

MAPO 

2.4382 

2.4438 

2.4601 

2.4205 

1.9616 

2.9094 

2.3966 

2.4626 

ERL 0510 

1.5388 

1.3424 

0.7731 

2. 1567 

1.5473 

1.5302 

1.5126 

0.6857 

Iron Octoate 

1.0 

0.8 

1.0 

1.0 

1.0 

1.0 

1.0 

1.0 

ThUoin E 

. 2.0 

2.0 

2.0 

2.0 

2.0 

2.0 

2.0 

2.0 

Asbestos 

10.3 

10.3 

10.3 

10.3 

10.3 

10.3 

10.3 

10.3 


Stock/Lot No. 


HC Polymer 

6296-0007 

MAPO 

7319-0008 

ERL 0510 

7297-0009 

Iron Octoate 

7318-0009 

ThUcin £ 

7317-0009 

Asbestos 

7320-0009 


7220-0008 6296-0007 

» 

> 

^ 

» 

^ 
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TABLE 25 

LINER \TSCOSITY 


Parameter 

Control 
Old Polymer 

Control 
New Polymer 

Lowest 

ERL 

Low 

ERL 

High 

ERX 

Low 

MAPO 

MAPO 

Low 

10*** 

Mix No* 

7 

1 

8 

3 

4 

5 

6 

2 

MAPO/ERL 

2.06 

2.06 

4.67 

3.50 

1.46 

1.65 

2.47 

2.06 

Viscosity (iq^) 









0.1 ** 

0.87 

1.10 

1.02 

1.00 

1.09 

l.li 

0.96 

1.15 

1 

2.84 

2.31 

2.72 

2.08 

2.24 

3.65 

2.75 

2.28 

2 

3.52 

2.94 

4.18 

2.69 

3.58 

4.13 

4.00 

3.24 

3 

4.15 

3.42 

4.72 

3.94 

4.81 

5.31 

5. o3 

3.97 

4 

5.81 

3.42 

5.78 

4.16 

5.81 

5.70 

7.50 

4.93 

5 

— 

4.26 

6.21 

5. L5 

7.89 

7.29 

8.23 

6. IS 

e 

— 

6.07 

7.42 

6.29 


8.30 

12.56 



• Reference Table 24 

** Time after end of mix (hr), liner stored in 135°F oven 
*** Iron Octoate (Cure catalyst) 
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TABLE 26 


LINER PHYSICAL PROPERTIES 



Control 

Control 

Lowest 

Low 

High 

Low 

High 

Low 

Parameter 

OW Polymer 

New Polymer 

ERL 

ERL 

ERL 

MAPO 

MAPO 

K) 

Mix No * 

7 

1 

8 

3 

4 

5 

6 

2 

MAPO/ERL 

2.06 

2.06 

4.67 

3.50 

1.46 

1.65 

2.47 

e 

2.06 

Shore A 

52 

39 

55 

52 

61 

61 

55 

59 

(168 hr @ 135°F) 









Adhesion to Steel 

265 

326 

263 

257 

320 

308 

2S5 

325 

(psi) 

2.7 

330 

274 

254 

338 

335 

293 

330, 


298 

345 

274 

264 

382 

.323 

306 

326 

287 

337 

260 

265 

344 

330 

315 

322 

275 

— 

268 

. — 

337 

330 

302 

323 

280 

335 

268 

260 

344 

325 

300 

325 


Stress (psi) 

174 

231 

159 

172 

243 

263 

196 

232 


168 

232 

167 

167 

254 

220 

192 

235 


166 

232 

170 

172 

254 

213 

195 

236 


169 

232 

165 

170 

250 

232 

194 

234 


Strain (in/in) 

1.93 

4 

2.10 

2.21 

1.39 

1.36 

1.71 

1.43 


1.93 

1.17 

2.08 

2.25 

1.22 

1.73 

1.73 

1.19 


2.14 

1.16 

2.18 

2. IS 

1.40 

1.25 

1. 77 

1.35 


2.00 

1.20 

2.12 

2.21 

1.34 

1.45 

1.74 

1.32 


Reference Table 24 
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TABLE 27 

TP-H1148 TO LINER BOND PROPERTIES 


Control 
Old Polymer 

Control 
New Polymer 

Lowest 

ERL 

Low 

ERL 

High 

ERL 

Low 

MAPO 

High 

MAPO 

Low 

IQ 

7 

1 

8 

3 

4 

5 

6 

2 

2.06 

2.06 

4.67 

3.50 

i.46 

1.65 

2.47 

2.06 


180° Peel (Ib/in) 


68 hr @ 135°F" 


168 hr @ 135°F 



10.2 

7.0 

10.4 

9.7 

e.s 

7.8 

7.0 

7.4 

10.0 

6.9 

11.1 

10.0 

7.0 

7.7 

7.2 

7.4 

10.2 

7.3 

10.7 

9.7 

^8 

8.2 

7.1 

7.5 

10.1 

7.1 

10.7 

9.8 

6.9 

7.9 

7.1 

7.4 


7.7 

6.5 

8 . j 

8.3 

6.3 

7.0 

5.7 

7.2 

7.4 

7.4 

9.2 

8.4 

6.0 

6.3 

5.8 

6.6 

7.8 

II? 

9.0 

8.9 

6.0 

6.2 

6.2 

6.8 

7.6 

7.0 

9.0 

8.5 

6.1 

6.5 

3.9 

6.9 


Adhesion 


68 hr @ 135^ 13S 136 

125 138 

12S 138 

131 137 

168 hr @ 135°F 134 137 

139 126 

141 148 

138 137 


» Reference Table 24 

»■ Liner preciire prior to casting propellant 

{ 

REVISION 


139 

127 

132 

128 

135 

138 

137 

132 

135 

130 

134 

142 

134 

131 

127 

124 

132 

135 

136 

130 

131 

127 

134 

138 


136 

128 

132 

134 

137 

140 

137 

131 

139 

131 

135 

— 

135 

133 

136 

130 

131 

133 

136 

131 

136 

132 

134 

137 


n” IWi-13009 

see PACE 81 


Streaa (pal) Adhoalon to Steel (pel) Hardneea (Shore A) 














The aging qualities of liner with a decreased ERL-SIO content is not yet 
known or the properties of inhibitor or the moisture sensitivity of inhibitor 
and these paraneters need to be studied with various EPw-SlO levels prior to 
determiningT if this produces an acceptable liner or Inhibitor formulation. 
Thus (1) decreasing the amount of ERL-510 in the liner CHC-A02246) produced 
liner approxioating the liner presently used; and (2) varying MAPO and iron 
octoate did not produce acceptable results. 
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